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Allen G. Croff
Oak Ridge National Laboratory
Prior to the development of the ORIGEN2 code,1'^ it was recognized that
verification of the calculated data was needed. Unfortunately, there were no
well-characterized, experimentally based spent fuel compositions for modern LWRs
that could be used to validate the fuel depletion calculations since the existing
studies included no measurements which would allow independent determination of
the burnups of the relatively small samples. Since that time, however, well-
characterized experimental work has been completed and documented,^ allowing a
comparison with calculated results.
The specific experimental measurements of interest here involve-the
determination of parameters related to the actlnide and fission product
composition of samples from five elements taken from fuel assemblies discharged
frora the Turkey Point Unit 3 PWR. Two fuel assemblies (DO1 and D04) were obtained
for the purposes of nondestructive and destructive assay. These assemblies were
initially fueled with 448 kg of U0 2 enriched to 2.556 wt %
 235U and then irra-
diated for 851 full-power days. Five elements were then removed, and assay
samples were taken from each element near the core midplane. The relevant
parameters measured were lit6Nd/238U, 239Pu/23eU, and the isotopic compositions
of U, Pu, Kr, and Xe.
Fuel depletion calculations were performed using the updated ORIGEN2 tVR
model.* The burnup of the fuel was determined by adjusting the ORIGEK2 fuel
burnup to match the experimentally determined llt8Nd/238U ratio for each fuel ele-
ment. The resulting burnup was then used to calculate the other experimentally
determined parameters listed above.
The sample burnups and a comparison of the experimental and calculated
actinide parameters are given in Table 1. As is evident, the agreement between
OE.IGEN2 and the experimental results is very good, with the average error for
five samples being <4% for most parameters. The 235U/U ratio is high because
the calculation is sensitive to errors in differences as the two values involved
approach zero. If instead the average error is based on the depletion of 2 3 5U,
the result is an error of -2.3+1.6%. The other relatively large error is the
-7.6% for the 2**2Pu/Pu ratio, although the absolute differences between the
ORIGEN2 and experimental values are small. The reason for this relatively large
error cannot be determined until experimental data en the transplutonic nuclide
composition r-f the fuel become available.
The comparisons of the isotopic compositions of krypton and xenon are given
in Table 2. The values for all five saaples have been averaged due to the
reduced number of significant digits available from the experimental work. As
is evident, the agreement is excellent in all instances save the 85Kr/Kr ratio.
The fact that only the radioactive nuclide in Table 2 has a significant
deviation indicates that a decay correction may be needed. A possible explana-
tion for this is that the noble gases are released to the plenum (where the
sample was taken) only during the initial stages of irradiation and that these
gases then decay for the rest of the irradiation. This hypothesir. is supported
by experiaental results' which show that only about 0.2% of the noble gases pro-
duced in the fuel are found in the plenum gas.
Based on this comparison, it appears that the OR1GEN2 computer code is
capable of accurately calculating the composition of irradiated fuel from a
modern PWR. However, well-characterized experimental measurements should con-
tinue to be obtained for validation purposes because the calculated values of
many nuclidei, particularly the minor actinides, still have significant uncer-
tainties.






















































































































-0 .7 + 1.9
-4 .0 + 1.8
1.5 + 0.5
-1 .7 + 1.0
0.9 + 0.9
- 7 . 6 + 1.6
(0RICUI2 - EXP) x 100/EXP.
I t J 3 5 U ««pl«tlon I t uaad aa a b a i l s , the av*r*t* error becoMa - 2 . 3 + 1.6Z.
•urnup that r a . u l t s In equal experimental and 0RIGEN2 11JBNd/238U r a t i o s .






































"Elements are the same as those in Table 1.
"Data from ref. 3.
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